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SUMMARY

An investigation using a cylinder of a V-type liquid-cooled
engine was conducted to observe the behavior of the cylinder when
operated under preignition conditions. The effects of the follow-
ing variables were investigated: fuel-air ratfo, power output,
aromatic content of fuel, engine speed, mixture temperature, and
preignition source. The power outputs at which preignition would
cause complete piston failure for the selected engine operating
conditions and the types of failure encountered when using various
values of clearance between the piston and the cylinder barrel were
determined.

.. The results indicate that in the engine investigated preigni-
tion at high lower levels led to baclc?iringinto the induction
system under most condition=. Preignition caused cylinder-head
temperatures to increase up to 200° F at rates up to 30° F per
second, caused maximum cylinder pressures to increase up to
30 percent, and caused power output to be drastically reduced.
Runs to destruction indicated that preignition caused overheating
that resulted in overexpansion of the piston, seizure of the piston
in the cylinder barrel, and consequent melting of the side of the
piston. By increasing the clesmince between the piston end the
cylinder barrel it was possible to increase the power level at
which piston failure occurred because of preignition.

INTROIXJCTION

2re@nition difficulties experienced by the military services
and engine manufacturers in recent years have indicated the need
for information on the harmful effects of preignition and possible
remedies. During an investigation of a V-type liquid-cooled engine
at the NACA Cleveland laboratory, several cases of piston burning
and destructive backfiring were encouiitered. Efforts to determine
the cause of the failures showed that preignition was responsible

,. for a large number of them. Further investigations showed that
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preignition in the engine was traceable to overheated spark plugs
and to overheated exhaust valves. Msmuch as the preignition
problem appeared to be of great tiportance, an investigation was
undertaken at the Cleveland laboratory to obtain information on the
behavior of an engine during preignition operation.

With exhaust spark plugs and exhaust valves uses as ignition
sources> preignition was excites at different fuel-air ratios,
power levels, engine speeds, mixture temperatures, ana with fuels
containing various percentages of aromatics. Obsemations were
made of cylinder-head temperatures, preignition advance, engine
power, and change in peak cylinder pressure as the engine was
allowed to enter into preignition and remain operating unaer pre-
ignition conditions. Because of the unstable nature of preignition,
a motion-picture camera was used to record the data.

Several piston-destruction tests were run to cteterminethe
type of piston failure associated with preignition and to deter-
mine the effect of a change of clearance between the piston and the
cylinder barrel on these failures.

APPARATUS

Engine setup. - A single-cylinder engine (bore, 5* in., stroke,

6 in.) was used in the investigation. The setup consi=ted of a
V-type liquicl-cooledmulticylinder engine block mounted on a
CUE crankcase in such a manner that any one of the cylinaers could
be used. (See fig. 1.) One cylinaer was used for all of the
investigation except the destruction tests} which were conducted on
different cylinders in the same bank. The inauction system, the
main part of which is diagrammatically shown in figure 2, included
a pressure-regulatingvalve, a flow-measuring orifice installed
according to A.S.M.E. standards, a surge tank, a vaporization tank,
and an intake elbow designed to simulate the intake elbows on the
multicylinder engine.

Fuel was injected into the upstream end of the vaporization
tank in which seven inclfned baffles promoted vaporization and
mixing with the air. The engine efiust passed through a short
water-jacketed pipe into a large water-cooled muffler. The pres-
sure in the muffler was maintained constant at atmospheric pressure,
H inch of mercury.

The cylinder was cooled byamlxture of 30-percent ethylene
glycol and 70-percent water (by volume) circulate at the rate of
120 gallons per minute ina pressurized system. Navy 1120 lubri-
cating oil was used throughout the program; two oil Jets located

‘.
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* on the maJor and minor thrust sides of the cylinder and directed
toward the under side of the piston crown provided lubrication and
piston cooling. The flow through each jet was about 4 pounds per

m minute for most of the tests. This flow value was arbitrarily
w
a chosen to insure sufficient cooling and lubrication and thereby

eliminate any failure that might %e caused by insufficient oil flow
TO the piston. The flow per jet waa reduced to about 2 pounds per
minute for the piston-destruction tests. This lower rate of oil
flow probably more nearly simulates the multicylinder conditions
for this engine.

The engine power was absorbed by an eddy-current hype dynamom-
eter and a direct-current motoring dynamometer. During negative
torque operation, caused by advanced preignition, the dynamometer
supplied power. An electronic speed regulator controlled the speed
by varying the loading of these units. A balanced-diaphragm torque
indicator tith a remote-reading manometer was used. (See reference 1.)

Preignition source. - In most of the rurm,spark plugs of
various heat ranges were used = the source of preignition. One
of these spark piugs was installed in the exhaust side with a
colder-operating plug on the intake side. When excitation of pre-
ignition by the eZhaust valves was desired, a valve (high chrome-
nickel austentic steel, Al@-5700) with a badly corroded head was
installed in place of one of the Nichrome-coated valves normally
used in these tests and cold-operating spark plugs were installed
in both spark-plug holes. Throughout the program the operating temp-
eratures were never severe enough to cause scaling of the Nichrome-
coated valves to the point where they would excite preignition.

Temperature measurements. - The cylinder-head temperature was
measured with an iron-constantan thermocouple mounted about three-
sixteenthsinch from the inner wall of the combustion chamber between
the two exhaust-valve seats ad connected to a sel.f-lalancingpoten-
tiometer. A check was made on the rate of response of the potenti-
ometer and it was found to be stificiently high to record the rate
of cylinder-head-temperabme rise during preignition. Spark-plug
electrode temperatures were measured.with a chromel-alumel thermo-
couple mounted in the center electrode of the intake plug about
one-sixteenth inch from the firing end. This installation wes
possible only with certain types of spark plug and for this reason
the sperk-plug-electrodetemperature was measured for only a few
of the tests. The design of the exhaust pipe prevented the use of
a thermocou~le in the exhaust spmk plug.

Electronic equipnent. - A piezoelectric pickup, installed near
--

the intake spark plug and coupled to an oscilloscope through an
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amplifier, provided pressure-time diagrems. A special timing
●

device indicated on the oscilloscope trace the positions of 180°,
120°j and 60° B.T.C., top center, and 60° A.T.C. In orderto deter-
mine the time of ignition, the spark gap of the exhaust spark plug
was connected to serve also as an ionization gap. When the gap
became ionized because of the presence of a flsme, a current sup-
plied by an electronic instrument was permitted to flow through it.
By suitable connections with this electronic instrument, a verticaJ.
line wes superfm~sed on the oscilloscope traoe, which indicated U2
the presence of the flame at the spark plug. Inasmuch as this seine

.+
m

spark plug was used as the preignition source in most d’ the runs,
the ionization-gaptrace together with the timing marks made it
possible to detenuine the approxhate ignition advance during pre-
ignition operation.

Data-recording equipnent. - A 16-milltietermotion-picture
camera was set up to photograph simultaneously the oscilloscope
traoe and indications of engine speed, ttie, engine torque, spark-
plug-electrode temperature, and cylinder-head temperature. Photo-
graphs were taken at the rate of eight francs per second throughout
each preignition run. Reproductions of three f?xuues,representing
three successive stages in a typical preignition run, are shown in
figure 3.

.

Fuels. - Because aromatic fuels are, in general, raoresuscep-
tible to preignition than paeffinic fuels, the arcanaticcontent
was chosen as the vsrtable in selecting fuels. In order to pre-
clude the possibility of knock under all test conditions, the fuels
were blended to have a very high performance number. The following
blends, all leaded to 6.0 ml TEL per gallon, were used to obtain
the data:

Percentage coq
Fuel Cumene Triptane

(aromatic)

1 0 50
2 15 35
3 30 20
4 50 0

Hot-acid octanes were used in place
because of a
cumene blend
tent was not

Isitionby volume
S-reference/Hot-aoid

T
fuel octanea

----------- 50
50 --------

50 --------

50 .----.--

of S-reference fuel in fuel 1
temporary shortage of S-r#erence fuel. The 30-percent
(fuel 3) was used for all runs in which smmatic con-
a variable.

..



NACA TN No. 1637
.

.

u-l
IP
m

5

For the preignition progrem reported herein the following
basic operating conditions were used as the basis for comparing,
at a variety of engine conditions, the behavior of the engine under
preignition operation: fuel-air ratio, 0.070; engine speed,
3000 ??’pa;mitiure temperature, 175° F; and fuel, 30-percent cumene
blend. The values for each of the variables and the values of the
operating conditions that were held constant are listed in the
following table:

Variable APProxi- Fuel- O.unene Source
mate imep air in fuel of pre-
(lb/sq in.) ratio (percent) i~it ion

Fuel-air ratio 300 0.070 30 Spark
.099 plug

Power output 300 0.070 30 Spark
250 plug
185

Aromatic con- 250 0.070 0 Spark
tent of fuel 15 plug

30
50

Engine speed 250 0.070 30 Spark
plug

Mixture tem- 250 0.070 30 Spark
perature plug

.Sourceof pre- 300 0 ● 070 30 Spark
ignition plug,

etiaust
valve

*

I
Engine Mixture
speed tempera-
(rpn) ture

(%)

--t-

3000 175

3000 175

,
3000 175

t

275
3(X)0 175
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The following operating conditions were maintained constant:

Outlet-coolant temperature, % . . . . . . . , . . . . . . . . 250
Inlet-oil temperature,% . . . . . . . . . . . . . . . . . . 185
Inlet-valve ttming, degrees B .T.C.
Opening . . . . . . . . . . . . . . . . . . . . . . . ...48
Closing . . . . . . . . . . . . . . . . . . . . . . . . ..118

Exhaust-valve timing, deaees A.T.C.
Opening . . . . . . . . . . . . . . . . . . . . . . . ...104
Closing . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Sperk timhg, degrees B.T.C.
Inlet . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Compression ratio . . . . . . . . . . . . . . . . . . . . . .6.65

Friction data were obtained bymotorhg the engine after a
preignition test with the fuel shut off.

Several sources of preignition (exhaust spark plu~ and corroded
exhaust valves) were rated by operating the engine at the basic set
of conditions and increasing the manifold pressure until preigni-
tion was encountered. The power level was noted at this point and
taken as the rating of the preignition source. In order to obtain
preignition at a given power level, it was then necessary only to
choose the appropriate spark plug or exhaust valve. Several mns
oould usually be made before an appreciable chenge in rating made
it necessary to replace the preignition source.

When a run was to be made, the engine was operated at the
desired power level but with the fuel-alr ratio considerably richer
then 0.070. When operating conditions were steady, the fuel flow
waa slowly decreased until the eng~ne was running at the basic
fuel-air ratio (0.070) where preignition was encountered. The
engine was permitted to run under preignition con&itions until the
test was terminated by backfiring. The cemra used for recording
data wem started before preignition was encountered and the instru-
ment readings were photographed during the ccmplete test run. Fuel-
flow and air-flow measurements were taken at the stark of preigni-
tion. Although the fuel flow remained constant throughout a run,
t$e airflow decreased a small amount because of the higher cylin-
der temperatwes that accompanied prei~ition. The increase in
fuel-air ratio during a run is estimated to have been ameximum
of about 4 percent.

In those runs where preignition was investigated at a fuel-
air ratio richer then 0.070, a spark plug with a lower preignition
rating than the one used in the runs at a fuel-air ratio of 0.0?0

.
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was installed in the engine.
conditions in the same manner
0.070 and was operated with a

The engine was brought up to
as in the runs at a fuel-air
rich mixture until operation

7

the same
ratio of
w=

stable. The fuel flow was slowly decreased until preignition waa
encountered, which occurred at a fuel-air ratio of 0.099. These
runs were terminated when the preignition stabilized in the vicin-
ity of bottom center.

Valve-preignition runs were conducted with cold-t~e spark
plugs installed in the engine so that the only probable source of
preignition would be a corroded exhaust valve installed for that
purpose. The corroded exhaust valve was preignitioti-ratedand the
runs were made at the basic operating conditions.

Four destruction runs were made at high-pcwer levels under
conditions af preignition wtth different clearances between the
piston and cylinder barrel. The purpose of these runs was to
determine the type of failure that could be expected from preigni-
tion. The cleemmces used, as determined by measurements of the
bore and of the piston at the top of the skirt were 0.017, 0.021,
0.026, and 0.034 inch. The normal clearance for the engine is
0.021 inch. Using an exhaust sperk plug as the source of preQni-
tion, these runs were conducted in the same manner as described
for the foregoing preignition runs. Because a rich mixture was
used, no backfiring was encountered, which together with higher
power output and less piston cooling (reduced oil-~et flow)
resulted in the runs being terminated by piston failure.

l%E3ULTSAND DISCUSSION

Reproducibility of preignition runs. - The behavior of an
engine during preignition operation is dependent to some extent
on the design M the cylinder end on the location and the heat
capacity of the preignition source. Even when these factors and
all operating conditions are maintained constant, however, there
is a certain emount of irreproducibilitybetween successive pre-
ignition runs. The greatest factor of irreproducibility in the
investigation reported herein, when a spark plug wss used as the
source of preignition, was the time required for the preignition
to advance frcsnthe normal sperk timing to a point about 60° B.T.C.
A preignition run would usually start with ignition a few degrees
early on occasional cycles. As these cycles with early igniticm
became more frequent, the time of ignition became earlier. During
this period the cylinder temperature rose very slowly. After the
time of ignition in most of the cycles had advanced to about
60° B.T.C., the preignition process became greatly accelerated and
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from this point on successive
time required for preignition
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runs were fairly reproducible. The
to become advanced to this critical

point (&lout 60° B.T.C!.)varied from 30 to 60 seconds in successive
runs. The reason for this mriationmay lie in slight changes in
the condition of the hot spark plug from one run to the next due to
deposits and corrosion, or it may be due to small errors in setting
the engine conditions. A few other engines are known to have this
characteristic and it has caused some difficulty in obtaining
reproducibility dining the preignition rating of fuels.

Typical preignition runs. - A plot of five preignition runs at
approximately the ssme operating conditions is shown in figure 4.
The tfme scale used is mbitrary; the curves were so adjusted along
the scale that the points where preignition became rapidly acceler-
ated (the of ignition about 60° B.T.C.} coincided. Comparisons
between the curves are made easier in this manner by eliminating
frcm consideration the period of poor reproducibility. The loca-
tion of the zero point on the time scale therefore has no signifi-
cance. Figure 4, then, shows the reproducibility of the preigni-
tion runs after preignition had begun to advance rapidly.

In most cases data were taken from the frsmes of the motion-
picture film that showed operating conditions at l-second intervals;
data showing rapidly changing conditions were taken at shorter
intervals. The percentage increase in the peak pressure at sny
instant over that for normal combustion was obtained from the
relative height of the pressure-time diagras aa measured frau the
photographs of the oscilloscope screen. The accwacy of tlie
height measurement is estimated to be about 5 percent. The meas-
ured values of indicated mean effective pressure are not correct
where the rate of change is rapid because of inertia of the manom-
eter fluid and because of the speed-regulation characteristics of
the dynamometer used.

The curves shown in figure 4 have been faired to represent em
average of the individual runs and are considered to be typical M
the behavior of the engine during preignition at the given set of
operating conditions. All the curves presented have been obtained
in this manner from several runs at each operating condition. For
the sake of simplicity the original data ere shown only in figure 4.

Backfiring. - Most of the runs for which data are presented
were terminated by bacldiring into the induction system. The point
at which backfiring occurred is indicated by arrows on the curves.
In order for preignition to cause bacldiring, the time of ignition
must be considerably earlier than that at which the intake valves
close (llE!OB.T.C.). Enough pressure rise must take place to slow
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down greatly, or even reverse, the flow through t~e intake valves
before the flame can pass into the induction system.

Whenever a lacldtre was encountered, the entire contents of
the vaporization tank burned causing a large pressure rise and a
subsequent reversal of the air flow at the entrance to the vaporiza-
tion tank. Because the fuel was injected at this point (fig. 2),
the flame burned itself out very quickly. About 1 second was
required after the baold’irefor combustion in the cylinder to
become reestablished; however, the preignition source in the com-
lmtion chamber would still be hot enough to cause very early igni-
tion and backfiring would continue to occur at short intervals
until the operating conditions were so changed that the preignition
source was cooled.

At high power output, preignition led to bacldiring into the
induction system at fuel-air ratios leaner than about 0.095. At
mixtures richer than this value, preignition beceznestable with
ignition occurring in the vicinity of bottom center.

Effect of fuel-air ratio. - C!om%ustiontemperatures and rate
of burning are controlled by several vsriables,one of the most
important %eing fuel-air ratio. Because the behavior of an engine
during preignition operation depends largely on these two factors,
fuel-air ratio is an tiportant variable in a consideration of pre-
ignition. Figure 5 shows typical preignition curves for a lean
and a rich mixture at the sane power level. At the lean mixture
a period of about 7 seconds was required from the time rapidly
advancing preignition began until backfiring was encountered. At
this point the time of ignition had advanced to about 220° B.T.C,
(40° B.B.C.). At the rich mixture, however, the time of ignition
did not edvance so rapidly and became more or less stable at 150°
to 160° B.T.C. The engine did not backfire at the rich mixture.

The increaae in peak cylinder pressure due to preignition was
about 20 percent at the lean mixture and 25 percent at the rich
mixture. Because of the scatter of the data involved in this meas-
urement (fig. 4), the difference between these two values mey not
be significant.

*
The power output of the cylinder dropped very sharply when pre-

ignition reached an advanced stage. At the lean mixture, the power
output waa changing so rapidly at the time the engine backfired
that the measurements csmnot be considered reliable; runs at other
engine conditions, however, have shown that the power output often
becomes negative (power is drawn from cQmuuometer) when ignition
takes place before bottom center. At the rich mixture the power
output dropped more than 80 percent before preigziitionbecame stable.
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The cylinder temperature increased more rapidly at the lean
mixture them at the rich mixture but the bactiiring point was
reached so quickly that the total rise was only about 150° F as ccm-
psred with 200° F at the rich mixture. The rate of cylinder-head-
temperature rise at the lean mixture was shout 30° F per second.
The piston temperature might be expected to follow curves similar
to those shown for the cylinder-head temperature with the proba-
bility that the temperature rise would be even greater. The reason
for piston seizure or melting as a result of preignition is there-
fore evident.

Effect of power output. - Typical preignition runs at three
power levels (obtainedby using spark plugs of three different
heat ranges)are shown In figure 6. The main effect of increased
power output was to Increase the rapidity with which changes took
place. Bacl&iring terminated all three runs .butat the lowest
power output a much longer time was required before the backfire
occurred. The power output for the lowest initial power runs
dropped 65 percent before backfiring occurred and for the two high
initial power runs dropped to approximately zero before bac?diring
took place; the cylinder-head temperature at the time of bactiiring
wes about the same for all three runs. Peak cylinder pressure was
increased 20 to 30 percent during preignition with some indication
that the percentage inmcease veried inversely with the power level.

Effect of aromatic content of fuel. - The preignition rating
of a fuel depends to a large extent on its aromatic content. At
the conditions investigated,however, the percentage of aromatics
in the fuel had only a small effect on the behavior of the engine
titer preignition was excited (fig. 7). The peak-pressure-increase
curves show the greatest effect with a trend toward a direct rela-
tion between aromatic content and peak-pressure increase.

The same spark plug was not used as the prei~ition source for
all of the runs shown, therefore the sli$d mriation in the power
level at which preignition wea obtained has no relationto the fuel
composition. Instead, specrkplugs of the ssme type but having
slightly dtiferent operating temperatures were selected to give
preignition at the seineapproximate power level for the four fuels.

A curve is also included in figure 7 that shows the changes in
the temperature of the center electrode of the intake spark plug
&uring a preignition run. This spark plug waa of a colder-operating
type than that used in the exhaust side as the preignition source.
The temperature of this intake plug increased approximately 550° F
before bacln?iringwas encountered. Because of difficulties involved
in obtaining measurements of this temperature, the data shown are
the only data available.
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Effect of engine speed. - Data from runs at two engine speeti,
3000 and 2000 rpnj are shown in figure 8. Both runs were at
approximately the ssme indicated mean effective pressure with spsrk
plugs of the same type hut of slightIy dfiferent thermal ratin=.
The ignition advance required to cause backfiring was almost the
same at both engine speeds.

The increase in peak cylinder pressure due to preignition was
only about 15 percent at 2000 rpn, as compmed with 25 percent at
3000 rp. This difference canbe at least partly accounted for by
the increased amount of heat transferred per cycle due to the
greater time available at the lower engine speed.

The rate of cylinder-head-temperaturerise was about the same
at both engine speeds but the total rise was less at the lower
speed %ecause the engine backfired more quickly.

lkl?fectof mixture temperature. - At approximately constant
power output, mixture temperature had little effect on the behavior
of the engine during preignition operation (fig. 9). At the higher
mixture temperature of 275° F, the engine appeared to backf’irea
little more readily, probably because of better vaporization. The
peak-pressure increase was greater at the lower mixture temperature
of 175° F. Trouble was experienced with the ionization-gap trace
(ignition indicator) during the runs at a mixture temperature of
275° F and therefore the time-of-ignition curve for these runs
(fig. 9) is incomplete.

Hfect of prei~nition source. - A comparison of preignition
resulting from a hot spark plug and from a hot exhaust valve is
shown in figure 10. When the hot exb.austvalve was used, preigni-
tion advanced much more slowly than when the hot spark plug was
used. Several minutes were required before preignition from the
exhaust valve reached the point where it became rapidly acceler-
ating. At the plotted zero point on the time scale, preignition
was already in progress with the hot exhaust valve and had caused
the cylinder-head temperature to rise approximately 50° F, whereas
preignition had not yet begun with the hot sp~k plug. No satis-
factory method of determining the time of ignition when the exhaust
valve was the source was available, tlnereforethe curve showing
time of ignition is omitted frcm figure 10. From inspection of the
power-output curves, however, it is apyment that backfiring took
place with a less advanced ttie of ignition when the exhaust valve
was the preignition source. This less-advanced time of ignition
may explain the reason that the peak-pressure increase is lower for
the exhaust-valve preignition than for the spark-plug preignition.
These occurrences can be accounted for by the fact that the exhaust
valves are much closer to the intake valves than is the exhaust
spark plug.
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I@ine difficulties experienced. - The previously mentioned
runs.were made with a stock piston, the diameter of which had been
reduced 0.005 inch. witlnthis added piston clee.rance,the OfiY
pert failures encountered involved the spmk plugs and the intake
valves. After engine operation under some of the preignition con-
ditions, the center electrode of the exhaust spark plug was found
to be burned or melted. On two occ~ions one of the intake valves
was found to he burned (fig. 3.1). Although piston-ring wesr was
more rapid than normal} no other failwes were experienced in more
than 500 preignition runs of the type discussed.

Types of failure caused by preignition. - photographs of
piston failures that resulted from preignition runs to destruction
are presented in figure 12. These runs were conducted with reduced
piston cooling (lower oil-jet pressure) and at generally higher
power levels than those of the runs previously discussed. The
pistons shown were tested with different side clearances between
the -pistonskirt and the cylinder barrel. A sp=k PIUg with the
desired operating temperature was installed in the exhaust side
and used as the preignition source for each run.

The clearance for the first run was about 0.004 inch less than
the normal value (0.022 in.) for the engine. In this rurqpreigni-
tion caused overheating that re~ulted in piston seizure and con-
sequent melting of the side (fig. 12(a)). With the normal cle=-
ance} a higher power level was necessery to cause failure but the
faflure was Of the same nature (fig. 12(b)). The general tempera-
ture level of the piston at the time of seizure was apparently
higher, however, and a small emoumt of local melt@? ~oo~ Place
in the center of the crown. When the clearance was increased to
0.005 inch greater than nomal, the failure was still a seizure
witi~lconsequent melting of the side (fig: 12(c)) but more local
melting took place in the center of the crown than with normal
clearance. A further increase of the clearance to 0.013 inch
greater than nonmal eliminated the seizure (fig. 12(d)) and ccan-
plete failure was not experienced at the power level investigated.
Slightly more severe local melting, however, tcek place in the
center of the crown. On the basis of these runs and a number of
unreported preignition investigations,when piston failure is
caused by preignition the type of failure depends mainly on the
clearance between the piston and the cylinder. With small clear-
ances, the failure occurs through seizure and consequent melting
of the side; whereas if the clearances me lsrge enough, melting
will probably occur wherever the piston is hothest, in the center
of the crown in hhis instance.

.
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The indicated
destruction due to
the piston and the

13

mean effective pressure required to cause piston
preignition as a function of clearance between
cylinder is shown in figure 13. Although the

fuel-air ratios for the four runs were slightly different, the dif-
ferences were small enough to le of no great importance. The
points show that piston clearance is an important factor in pre-
venting piston failures due to preignition. Determination of how
near the piston cooling used for these destruction runs was to that
used in the nmlticylinder engine is impossible; however, such a
curve for other cooling conditions would undoubtedly show a stiilar
trend.

Photographs of damage to other cylinder parts that accompanied
the piston failures in two of the runs are also presented. Fig-
ure 14 shows an exhaust valve that burned at the time of the piston
failure shown in figure 12(b). Inasmuch as two other runs were
made at more seyere operating conditions without valve failure, it
is felt that this failure was brought about by particles of alu-
minii or other substance lodging between the valve and its seat.
Figure 15 shows the damage to the cylinder barrel that accompanied
the piston failure shown in figure 12(c). The torching action of
the hot gases burned through the barrel into the coolant passage.

SUMMARY OF RESULTS

The results of the investigation conducted on a V-type liquid-
cooled engine to determine the effect of preignition on cylinder
temperatures, pressures, power %utput, and piston failures are
summarized as follows:

1. At high power output,preignition led to bactiiring into the
induction system at fuel-air ratios leaner than about 0.095. At
mixtures richer than this value, preignition became stable with
i~ition occurring in the vicinity of bottom center.

2. Destruction runs indicated that, with normal clearance
between the piston and cylinder bmrel, preignition caused over-
heating that resulted in overexpansion and seizure of the piston
in the cylinder barrel with consequent melting of the side of the
piston.

3. With increased clearance between the piston and the cylin-
der barrel, piston seizure due to preignition could be eliminated,
and the power level at which piston f4ailureoccurred could be
raised. The runs indicated that without seizure the failure would
prolably occur through melting of the center of the piston crown.
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4. Cylinder-head-temperatureincreases up to
of cylinder-head-temperaturerise up to 30° F per

NACA TN No. 1637

200° F and rates
second were

experienced.

5. Preignition caused
10 to 30 percent.

6. PreQ@tion caused

maximum cylinder pressures to increase

power output to drop 65 to more than—
100 percent. (Powerwas drawn from a dynsmcxneterwhen engine power
became negative.)

7. The aramatic content of’the fuel had only a small effect
on the behavior of the engine after preignition was excited. The
greatest effect was in the peak-pressure increase, the trend being
toward a direct relation between aromatic content and peak-pressure
increaee.

S. I%?eignitionoriginating at an exhaust valve advanced more
slowly than preignition originating at a spark plug but the end
result was not greatly different.

9. Changes in engine speed and in mixture temperalm.mehad very
little effect on the behavior of the engfne during preignition
operation.

Flight Propulsion Research Laborato~,
National Advisory Committee for Aeronautics,

Cleveland, Ohio, March 8, 1948.
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Figure 2. - Induction system used with single-cylinder

test engine.
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Timing marks

Ionization-gap trace

(a) Normal ignition.

.

Ionization-gap trace

.T
C- 15942
9.19.46

Ionization-gap trace

:
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(b) Ignition at 75U 8.T.c.

(c ) Ignition at 155° 6.T.C.

Figure 3. - Prints made from motion-picture film of preig-
.’

nit ion test showing instruments photographed during pre-
ignition. Time of ignition determined from ionization-

gap trace and timing marks on pressure-time diagram.
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Figure 4. - Mical preignition plot showing scatter of data of five runs at approxfrnatel
Engine speed, 3000 rpm; spark advance: lnlet~zs” B.T.C.; exhaust,

J@me

!
en ine conditions.
B. .C.; compressionratio, 6.65; outlet-coolanttemperature,z~” F; mixture temperatures
1750 F; inlet-oil temperature, 1850 F; fuel-airratio, 0.070; fuel, 30-percentcumene
source of preignition,spark plug in exhaust side. (Arrowsindicatetime of backfire.
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F&ure 5. - Effect of fuel-airratio on behaviorof engine when preignitionSs encountered.
2nglne speed,WOO r~; spark advance: inlet 280 B.T.C.; exhaust, 34° B.T.C.; compression

6 F; mixture temperature 1750 F; inlet-oilratios 6.63; outlet-coolant temperatmes 2W
temperature, 185° F; fuel, SO-percentcumeneblend; souroe of preign~tion,spark plug in
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Figure 6. - Effect of initialpower output on behavior of engine when preignition1s encountered.
Engine speed, 30CKIrpm; spark advance: inlet, 280 B.T,C.; exhaust,34° B.T,C.; compression
ratio, 6.65; outlet-coolanttemperature,2.500F; mixture temperature,175° F; inlet-oiltempera.

.. ture$ 1850 F; fuel-air ratio, 0.070; fuel, 30-percentcumene blend; source of preignition,
sPark plug in exhaust side. (Arrowsindicate time of backfire.)
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Time, sec

Figure 7. - E>fect of aromaticcontentof fuels on behaviorof engine afterPre%nlttOn 1s
encountered. Engine speed.3003 rpm; spark advance:inlet,28° B.T.C.; exhaust,34° B.T.C.;
compressionratio, 6.65; outlet-aoolanttemperature,23o0 F; mixture ternerature,175° F;
inlet-on temperature,1850 F; fuel-airratio fO. 70; sourceof preignfton, spark plug in
exhaust side. (tirOWsirnilcatetime of backffre. ?
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Figure 8. - Effect of engine speed on b+havior of engine when preignition1s encountered.
Spark advance: inlet,280 B.T.C.; exhaust,34° B.T.C.; compressionratio, 6.65; outlet-
coolant temperature,250° F; mixture temperature,1750 F; inlet-oil temperature, 1850 F;
fuel-alrratlo~ 0.070; fuel, 30-percentcumene blend source of preignition,spark plug
in exhaust side. (PJTOWS indicatetime of bacl@ire. \
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Figure 9. - Effect of mlxtme temperatureon be~v~or of e%i~ ~ben Pre@ltlon 1S enco~tered.
Engine speed, 3000 rpm; sparkadvance: inlet,28° B.’I’.C.; exhaust,340 B.T.C.; compression
ratio, 6.65; outlet-coolanttemperature,2390 F; inlet-oiltemperature, 1850 F; fuel-air
ratio, 0.070; fuel, 30-Percent oumeneblend;

(Arrowsindicatetime of backfire.)
source of preignition,spark plug in exhaust

side.
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Time, sec
-. ..

Figure 10. - Errect or preignitionsource on behavior of engine when preignition1s encountered.
Engine speed, 3C00 rpm; spark advance: inlet 28° B.T.C.; exhaust, 34° B.T.C.; compression
ratio, 6.65; outlet-coolant temperature, 2506 F; mixture temperature, 175° F; inlet-oil
temperature,1850 F; fuel-airratio, 0.070:fuel, 30-percentcumene blend. (Arrowsindicate
time of backfire. )



.

.

.



NACA TN No. 1637.

.

L

29

.
m
K
3
L

c
o
.-
+
.-
C
m

.-
aJ
L
Q

m
c
, .-

L
2
u

u
aJ
c
L
2

n

a)
>

—

(u
>

a
x
K1

4
c
—

i

.





.
NACA TN No. 1637

,

31

A

. .

v
c. 13303
9.28.45

(a) Clearance, 0.004-inch less than normal; imep, 271

pounds per square inch; fuel-air ratio, 0.098.

Figure 12. - Exhaust-side view of piston failures caused by
-r

preignition with various clearances between top of skirt
and cylinder barrel.
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T
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(b) Clearance, normal; imep, 364 pounds per square inch;
fuel-air ratio, 0.094.

Figure 12. - Continued. Exhaust-side view of piston failures
caused by preignition with various clearances between top
of skirt and cylinder barrel.
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(c ) Clearance, 0.005-inch greater than normal; imep, 364
pounds per square inch; fuel-air ratio, ().094.

Figure /2. - Continued. Exhaust-side view of piston failures
caused by preignition with various clearances between top

of skirt and cylinder barrel.
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(d) Clearance, 0.013-inch greater tnan normal; imep, 392

pounds per square inch; fuel-air ratio, 0.092.

Figure 12. - Concluded. Exhaust-side view of piston failures

caused by preignition with various clearances between toP

J of’ skirt and cylinder barrel.
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Figure 15.- Effect-of piston clearance (measured between top of piston

skirt and cylinder barrel) on indicated me= effective Press~e
necessary to cause piston seizure when Preignition is encountered.
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ge to exhaust valve accompanying piston

ai lure of figure 12(b).
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Figure 15. - Damage to cylinder barrel caused by Diston fail-

ure of figure 12(C).


